Introduction
Recurrent venous thromboembolism (VTE) despite well conducted anticoagulant treatment is an uncommon, but possible, event [1] . Overt or occult cancer and antiphospholipid syndrome are the main underlying disorders [2] . Overt hyperthyroidism is hypothesized to increase the risk of VTE: the occurrence of sinus and cerebral vein thrombosis during severe hyperthyroidism, and a number of coagulation abnormalities, such as increased activity of plasma factors VIII and IX, have been reported [3] [4] [5] . We present the case of an elderly man with a recurrent episode of deep venous thrombosis (DVT) during optimal vitamin K antagonist treatment, associated with a new diagnosis of overt hyperthyroidism, with no evidence of occult cancer after extensive screening and normal levels of antiphospholipid antibodies.
Case report
A 74-year-old Caucasian man, on chronic oral anticoagulation with warfarin because of a permanent atrial fibrillation, referred with an important oedema of the right leg during a follow-up visit at the Anticoagulation Clinic of the University of Insubria, in Varese, on 31 May 2006.
After compression ultrasound, a femoral-popliteal DVT of the right leg was diagnosed. On the same day, the International Normalized Ratio was 3.42. No International Normalized Ratios below 2.00 were detected during regular monitoring at the Anticoagulation Clinic for more than 1 year before DVT. A full therapeutic dose of low molecular weight heparin (enoxaparin 10 000 IU twice daily for 10 days) was started, and the target International Normalized Ratio was elevated to 3.0. Neither temporary nor permanent thromboembolic risk factors were identified, but previous controlateral unprovoked proximal DVT was objectively diagnosed with a compression ultrasound on 4 June 2002. At that time, neither temporary nor permanent thromboembolic risk factors were identified. Thrombophilia screening had not been performed given the age of the patient. Until May 2006, neither thrombotic nor major bleeding complications had occurred. Other relevant concomitant diseases in the patient history included chronic obstructive pulmonary disease, obstructive sleeping apnoea syndrome, obesity, prostatic adenoma, and a surgically repaired aortic abdominal aneurysm.
The patient was also on treatment with digoxin, alfuzosine, dutasteride, amiloride, and hydrochlorothiazide.
At the time of recurrent DVT, anticardiolipin antibodies, antib 2 -glycoprotein I antibodies, and lupus anticoagulant were normal. In the suspicion of an occult cancer, chest/ abdominal computed tomography was performed: an enlarged thyroid gland with a nodule in the right lobe, and a bilateral surrenalic adenoma were identified. Thyroid ultrasound confirmed a multinodular gland with a larger nodule of 43 mm diameter in the right lobe; thyroid scintigraphy with 99m Tc showed that the larger right lobe nodule was functionally autonomous. Thyrotropin (thyroid-stimulating hormone) was below 0.05 mIU/ml (reference range 0.31-4.50 mIU/ml), free triiodothyronine was 6.67 pg/ml (reference range 1.50-5.30 pg/ml), and serum free thyroxine was 1.72 ng/dl (reference range 0.75-1.90 ng/dl); antithyroid peroxidase, antithyroglobulin, and antithyroid-stimulating hormone receptor antibodies were not elevated. The patient was temporarily started on thiamazole before definitive treatment with surgery or radiometabolic therapy could be performed.
adrenocorticotropic hormone level at 0800 h (7 pg/ml, reference range 9-55 pg/ml), a mild increase in blood cortisol level at 1600 h (103 ng/ml, reference range 10-90 ng/ml), with a normal free cortisol level in 24-h urine volume. Routine blood tests revealed a mild increase in erythrocyte sedimentation rate and in reactive C protein. Prostatic soluble antigen was 1.3 ng/ml (reference range <4 ng/ml).
The patient is still regularly followed at the Anticoagulation Clinic and no cancer has been diagnosed until now, April 2007.
Discussion
VTE is a multicausal disease [6] . More than one acquired or environmental risk factors, as well as a genetic predisposition, often coincide to produce a vein thrombosis. Minor risk factors, therefore, may be relevant if other risk factors coexist: VTE occurs if a combination of these risk factors leads to crossing the thrombosis threshold [6] . At the time of the first DVT, three known minor risk factors were present: age, male sex, and obesity. No other potentially relevant conditions were identified. The same three risk factors still coexisted at the time of the second DVT, but this time the patient was on vitamin K antagonist treatment. For this reason, we believe that a new determinant event must have occurred. Cancer and antiphospholipid syndrome are the main reasons for VTE recurrence during adequate anticoagulation, but have been excluded [2] . Even the risk of cancer is increased for many months (even years) after the thrombotic event, our patient is apparently cancer-free after 9 months. No other relevant clinical events concomitantly occurred.
Even if inherited thrombophilia tests could be theoretically advocated as necessary, natural coagulation factor inhibitor deficiency (antithrombin, protein C, and protein S) is improbable, given the old age of the patient [7] . Moreover, thrombophilias associated with increased levels of function of the coagulation factors (e.g. factor V Leiden, prothrombin gene mutation) are probably not relevant as they may not be risk factors for recurrent thrombosis, particularly under anticoagulant treatment [7] . Finally, if any congenital thrombophilic defects were present, these risk factors would have been present at the time of both the first and the second DVT, and therefore would have contributed the thrombotic risk in both episodes. Apparently a new risk factor increased the VTE risk at the time of the second DVT, given the optimal warfarin treatment.
Overt hyperthyroidism may therefore have contributed to DVT recurrence on the top of the existing risk factors. While recognizing that the association of hyperthyroidism and venous thromboembolism may be purely coincidental, thyroid dysfunction was newly diagnosed and an extensive literature supports its potential role of this unusual VTE risk factor.
The link between the haemostatic system and thyroid disease has been investigated since the beginning of the last century [5] . In particular, in-vitro studies showed that the effects of thyroid hormones on the coagulation system are mainly mediated by hormone/receptors interaction [5, 8] . In-vivo studies on the effect of overt thyroid dysfunction on plasma coagulation and fibrinolytic factors suggested a procoagulant state in overt hyperthyroid patients. Even if several methodological drawbacks obscure the real in-vivo effects of hyperthyroidism on the haemostatic system, these findings are further supported by two studies in which oral thyroid hormones were administered to healthy volunteers [9, 10] . A few coagulation tests were performed, but a clear increase of factor VIII, von Willebrand antigen and activity, and tissue plasminogen activator antigen was observed (no statistically significant effect was shown on antithrombin activity).
No clinical studies evaluating the relationship between thyroid dysfunction and VTE events have been published, but case reports confirmed the hypothesis that hyperthyroidism is associated with a hypercoagulable state [5] . Sinus and cerebral vein thrombosis have been reported in overt hyperthyroidism, in particular during thyrotoxic crisis: this association is relevant, since sinus and cerebral vein thrombosis is a rare disease (four per million inhabitants per year) [5] . To our knowledge, the present case is the first report of an association of overt hyperthyroidism with a recurrent episode of VTE. Only one case report [11] has described a DVT occurring in a patient with Graves' disease after a long-haul flight.
While recognizing that the association may be coincidental rather than causal, our case report reinforces the available evidence on the possible role of overt hyperthyroidism as VTE risk factor. Given that a definitive conclusion cannot be drawn, it seems worthwhile to prospectively measure thyroid hormones in aetiological clinical studies to definitively assess their causal role in VTE. Serum TSH measurement would be sufficient as a first screening test in order to avoid useless laboratory tests.
